Knowledge of life history parameters is essential for the effective management of species of conservation concern. For migratory marine vertebrates such as hawksbill sea turtles Eretmochelys imbricata, feeding aggregations are important developmental habitats, allowing the study of population dynamics. Here, we used data from a 31 yr mark-recapture study of juvenile hawksbill sea turtles in the Fernando de Noronha Archipelago, Brazil, to estimate key demographic parameters. Turtles recruit to the neritic habitat at similar sizes to those of other Atlantic hawksbill aggregations. The curved carapace length (CCL) at the first capture ranged from 28 to 84 cm (mean ± SD: 44.6 ± 9.8 cm). Median minimum residence time of turtles captured at least twice was 3.2 yr, whilst long-term minimum residence of up to 14 yr was also observed, with turtles showing site fidelity within the archipelago. The mean size of turtles captured was constant throughout time. Turtles grew on average 3.4 ± 2.2 cm yr -1 , with a monotonic expected growth rate function generally decreasing with increasing size. At these rates, hawksbill turtles in Fernando de Noronha would need to spend ca. 14−18 yr to reach minimum adult breeding size (~74 cm CCL). This mark-recapture study has been essential to understanding the ecology and demographic parameters of this regional hawksbill turtle neritic foraging ground.
INTRODUCTION
Migratory marine vertebrates are of conservation concern, and their effective management depends on knowledge of key demographic parameters, including recruitment, somatic growth rates, survival probabilities and abundance (Lotze et al. 2011 , Mills 2013 , Patrí cio et al. 2014 , Colman et al. 2015 . Aggregations allow the estimation of demographic parameters in species which disperse widely, such as seabirds (Gremillet et al. 2015) , marine mammals (Calambokidis & Barlow 2004 ) and immature marine turtles, which form temporal aggregations in developmental habitats (Bolten 2003 , Casale et al. 2018 . In long-lived and slow-growing marine species, longterm studies are required to inform demographic para meters and to understand population dynamics (Magurran et al. 2010) . Variation in population parameters is often associated with changes in environmental conditions, with inter-specific differences in sensitivities. Ectotherms, for instance, are particularly susceptible to the surrounding environment for their individual productivity (i.e. somatic growth and reproduction; Bjorndal et al. 2016) , and long-term monitoring during different life stages is needed to assess population status and changes in abundance (Groom et al. 2017) .
Marine turtles are long-lived and late-maturing ectothermic species with a complex life cycle, generally involving extensive migrations between breeding and foraging areas. After spending the first years of life in oceanic waters (Bolten 2003) , hawksbill turtles Eretmochelys imbricata recruit to neritic habitats at a minimum size of 20 cm in carapace length , using these as developmental habitats for several years (Bolten 2003) . Upon approaching maturity, they begin periodic migrations between site-specific foraging grounds, breeding areas, and nesting beaches (Bowen & Karl 2007) . The immature aggregations are typically formed by mixed stocks, with contributions from several rookeries , and thus the conditions at the development habitats, and their consequences for immature individuals, can have widespread impacts. Therefore, monitoring these aggregations informs us not only about their status, but also provides valuable information for the future of the nesting rookeries from which they originate ).
In the light of the current threats to marine turtles, including direct exploitation, incidental take, pollution and climate change (e.g. Daley et al. 2008 , Hawkes et al. 2009 , Casale & Heppell 2016 , Duncan et al. 2017 , it is critical for their effective conservation to understand the roles of marine turtles in the structure and function of marine ecosystems. Investigating population dynamics is no easy task in such slow-growing and wide-dispersing species. Traditionally, the main focus of research in marine turtles has been on nesting beaches (Bjorndal 1999 ). Yet, long-term studies in foraging areas have contributed to our knowledge on the general foraging ecology of marine turtles , Bjorndal et al. 2000 , Meylan et al. 2011 , and more recent studies have focussed on patterns of recruitment, how much time turtles spend in these areas and at what age and size they are expected to reach maturity and leave those habitats (Krueger et al. 2011 , Patrício et al. 2011 , Bell & Pike 2012 , Colman et al. 2015 , Llamas et al. 2017 . There is still a need, however, for a more complete understanding of immature life stages, including population dynamics, survival rates and habitat use (Rees et al. 2016 , Wildermann et al. 2018 . Some of these important questions can be addressed by studying the somatic growth of individ-uals, a key parameter to assess the status of species and to understand population dynamics for both conservation and management (Omeyer et al. 2017) .
The hawksbill turtle is one of the most threatened among the 7 extant marine turtle species (Mortimer & Donnelly 2008) . Hawksbill turtles play important ecological roles in coral reef habitats (León & Bjorndal 2002 , Chevis et al. 2017 ) and also occupy areas outside of these environments (Gaos et al. 2012) , moving widely over broad geographical scales (Bjorn dal et al. 2016) . Studies of the somatic growth of juvenile hawksbill turtles (Diez & van Dam 2002 , Blumenthal et al. 2009b , Krueger et al. 2011 , Bell & Pike 2012 , Hawkes et al. 2014 indicate that there is marked variability among populations. In the Atlantic Ocean, Caribbean hawksbill turtle nesting populations and immature aggregations were once abundant, but as overharvesting has led to their decline, some of these only exist at relictual levels today (McClenachan et al. 2006 ). In the southwest Atlan tic Ocean, however, long-term monitoring of rookeries in northeast Brazil suggests an increase in nesting numbers in recent years (Marcovaldi et al. 2007) , although there is a lack of baseline data to determine nesting levels prior to the start of the monitoring and protection activities.
In Brazil, juvenile hawksbill turtles are distributed throughout the north-northeastern coastal waters and can also be found, albeit less frequently, along the south and southeast coasts (Marcovaldi et al. 2011) . Major foraging grounds are located offshore, in the Fernando de Noronha Archipelago and Atol das Rocas (Sanches & Bellini 1999) . Minor foraging grounds exist near Trindade Island, Abrolhos (Projeto TAMAR unpubl. data) and São Pedro e São Paulo Archipelagos (Proietti et al. 2012) and Arvo redo Island (Reisser et al. 2008 , Proietti et al. 2012 . Studies suggest that hawksbill turtles foraging at Fernando de Noronha probably originate from the northeastern Brazilian rookeries (in the states of Bahia and Rio Grande do Norte), with additional possible contributions from Caribbean and East African rookeries (Vilaça et al. 2013 , Santos et al. 2019 . A long-term capture-mark-recapture (CMR) study has been maintained by Projeto TAMAR (the Brazilian sea turtle conservation programme) in Fernando de Noronha since 1987 (Bellini & Sanches 1996) to monitor the foraging aggregation, since hawksbill turtles do not nest in Fernando de Noronha. Here we consolidated this long-term dataset to (1) examine spatiotemporal variation in juvenile hawksbill somatic growth rates, (2) explore recruitment, residence time and emigration and (3) estimate time to maturity.
MATERIALS AND METHODS

Study area
The volcanic offshore archipelago of Fernando de Noronha (3° 51' S, 32° 25' W) is located 345 km off the northeastern coast of Brazil, and 150 km east of Atol das Rocas (Fig. 1 ). It is composed of 1 main island, Fernando de Noronha (about 9 km long and 2.5 km wide, with the major axis in the direction SW−NE) and another 18 islets, called Ilhas Secundárias or secondary islands (Almeida 2015) . A national marine park (Parque Nacional Marinho, created by federal decree in 1988) encompasses part of the area, with another part of the island being designated as an environmentally protected area (created in 1986), and inhabited by around 4000 people. The climate is tropical, with 2 well-marked seasons: a rainy season from March to July and a dry season from August to February. The South Equatorial Current flows westward in the study area (Renner 2004) . As a result, the western side of the archipelago is protected from the direct flow of the current, while the eastern side faces the current directly and is subjected to wave action throughout the year. During the summer (November to March) large swells are frequent and reach even the most protected bays on the western side. Tides are semi-diurnal, with an amplitude of approximately 3.2 m (spring tide) and 2.0 m (neap tide; Almeida 1955).
Temporal patterns and field methods
CMR data obtained between December 1987 and December 2017 were analysed; within that period, hawksbill turtles were captured in all years, although sampling of turtles was not homogeneous throughout the years, neither spatially nor temporally. Between 1987 and 1991, surveys were performed around the entire archipelago. From 1992 onwards, the surveys were performed mainly at Sueste (Fig. 1b) , although the other areas in the archipelago were also frequently sampled (Colman et al. 2015) . With regard to the temporal pattern of surveys, between 1992 and 2011, surveys were conducted in at least 10 mo yr −1 , except in 2006 and 2007, when surveys were conducted for 7 and 6 mo, respectively. Between 1988 and 1991, surveys were conducted between 4 and 9 mo in each year. From 2009, surveys were conducted 12 mo in each year (Colman et al. 2015) .
Capture of turtles, tagging and measurement
Hawksbill turtles were hand-captured by snorkelers or scuba divers at sites located around the archipelago. These places were located on both the eastern (Mar de Fora) and western (Mar de Dentro) sides of the archipelago, at depths between 0.5 and 30 m. We classified the capture sites into 3 different regions Table S1 in the Supplement at www. int-res. com/ articles/ suppl/ n040 p041 _ supp. pdf): Mar de Fora, Mar de Dentro and Sueste, on the eastern, western and southeastern side of the archipelago, respectively. Most (68.2%) of the hawksbill captures occurred in Sueste. This bay is located within the marine national park, has an area of approximately 0.27 km 2 and a maximum depth of 5 m. Sueste was selected as the main sampling site throughout the study period due the large number of both hawksbills and green sea turtles Chelonia mydas inhabiting the bay, and also due to the optimal conditions for snorkelling throughout the year. Despite being located on the eastern side of the main island, the bay is quite protected from wave action due to the relatively narrow entrance and the presence of 2 small islands in front of the bay entrance. As the hard bottom in the shallowest parts of the bay is exposed during low tides, most of the turtle sampling at Sueste occurred during the high tide period (from 2 h prior to 2 h after high tide). Captured turtles were brought to the beach or boat by the snorkelers. Each captured turtle was doubletagged (1 tag on the trailing edge of each fore flipper), with Monel tags until 1994 and Inconel tags from 1995 onwards (tag style 681, National Band and Tag). The change from Monel to Inconel tags was due to the higher rate of loss of Monel tags compared to Inconel tags for hawksbill turtles in Fernando de Noronha (Bellini et al. 2001) . Curved carapace length (CCL) was measured with a flexible plastic measuring tape (accuracy = 0.1 cm) from the anterior point at midline (nuchal scute) to the posterior tip of the supracaudal scutes (Marcovaldi & Marcovaldi 1999 ).
Data analysis
Only the first capture of a given individual was used to analyse the size distribution of turtles. The sex of the captured turtles was not determined, as the majority of individuals were immature and presented no external sexual dimorphism. Adult-sized turtles (i.e. CCL > 75 cm; n = 15) were captured on a few occasions throughout the study period. Only 3 individuals were identified as males. One was captured once (68 cm CCL) and never seen again; the other 2 were caught as juveniles and had developed adult male traits, i.e. a long tail and elongated curved claws at the front flippers, when they were recaptured at 70 and 79 cm CCL, respectively. Those individuals were still considered in the analyses. The size of last capture was calculated for recaptured turtles at Sueste only (n = 99), since this site has maintained the most consistent capture effort throughout the years. Possible differences in the size of turtles among sites were tested with a nonparametric Kruskal-Wallis test (Hollander & Wolfe 1999) . Annual variation in CCL was assessed using a generalized additive model (GAM), within the R-package 'mgcv' (Wood 2017); for each individual, only the first record in each year was considered in the analysis (n = 1201).
The minimum time of residency was assumed to be the time interval in years between the first and last captures of a given individual. It is possible, however, that individual turtles might have left the area and returned, while we assumed they were there during the entire period between the first and last captures.
Growth rates were calculated for each individual turtle in cm yr -1 as: mean annual growth rate = (ΔCCL/Δt) × 365, where ΔCCL is the change in CCL between captures and Δt is the time in days since the previous capture (Colman et al. 2015) . The minimum recapture interval for growth rate computation was defined to be 146 d (~5 mo) to minimize measurement errors in growth estimation, as recommended by Bjorndal et al. (2016) . Maximum recapture intervals were set to 4.6 yr, as very long intervals tend to diverge from the linear growth assumed here between capture and subsequent recapture (Casale et al. 2009 ).
Sampling design was mixed-longitudinal: through time and with partial replacement. A generalized additive mixed model (GAMM; Hastie & Tibshirani 1990 ) was used to model somatic growth, by means of the R-packages 'mgcv' (Wood 2017) and 'nlme' (Pinheiro et al. 2018) . Growth rate (the response variable) was determined as a function of the following covariates or predictors: mean size, mean sampling year, recapture interval and site. Turtle ID was added as a random variable, to account for unobserved hetero geneity or correlation between observations inherent to mixed longitudinal data sets (Chaloupka & Balazs 2005) . The average CCL between 2 subsequent recaptures of an individual (after the minimum recapture interval of 146 d) was considered as its mean size, as it is believed that this midpoint provides a better estimation of the size of the turtle during the period for which the growth rate is being calculated , Casale et al. 2009 , Colman et al. 2015 . Similarly, the arithmetic mean between the years of capture and subsequent recapture was used to determine the mean sampling year. Recapture intervals were included as covariates to account for potential bias from variable recapture interval durations, especially with longer intervals, which possibly could lead to deviations in the linear growth (Casale et al. 2009 ). Numerical integrations of the expected size-specific growth rate function and 95% confidence intervals extracted from the GAMM provided the estimated time in years for a turtle to grow from a recruitment size of ca. 30 cm CCL until the minimum size at maturity for the species in Brazil (74 cm; Projeto TAMAR unpubl. data). The integration was conducted using the equation: y (CCL i ) = y (CCL i-1 ) + (CCL i − CCL i-1 )/r (CCL i ), where y is the number of years at large since recruitment, CCL i is the curved carapace length to which the years at large relate, CCL i-1 is the previous CCL value, and r is the growth rate derived from the GAMM (Colman et al. 2015) . Statistical analyses were conducted using R 3.5.1 (R Core Team 2018), and we used a significance level of α = 0.05.
RESULTS
Capture of turtles and size distribution
From 1987 to 2017 (n = 31 yr), 514 individual hawksbill turtles were captured in a total of 2468 capture events. Of those, 268 turtles (52.0%) were re captured between 1 (n = 91) and 105 (n = 1) times (Fig. 2) . CCL at first capture ranged from 28 to 84 cm (mean ± SD: 44.6 ± 9.8 cm, median 43.0 cm, n = 503, as 11 individual turtles were not measured; Fig. 3a) . The CCL at first capture for turtles in Sueste ranged from 28 to 80 cm (mean 46.6 ± 12.4 cm, n = 132). The average CCL of turtles on their last sighting at Sueste was 63.8 ± 10 cm (n = 99, Fig. 3b ). Estimates are shown as mean ± SD, unless stated otherwise.
Spatial and temporal distribution
There was a significant difference in the size of the turtles on their first capture among the 3 sites (Kruskal-Wallis test, p < 0.001, n = 493 because the location of capture was not recorded for 10 individuals). A post hoc Kruskal-Wallis multiple comparisons test showed that mean size at Sueste (46.6 ± 12.4 cm, n = 132) was not significantly different from that at Mar de Fora (45.7 ± 8.4 cm, n = 198), while mean size at Mar de Dentro (41.4 ± 7.9 cm, n = 163) was sig-nificantly smaller than at Sueste and Mar de Fora. The GAM of CCL indicated that year had no significant effect on mean turtle size at all sites across the 31 years (F = 4.52, p = 0.19, n = 1201; Fig. 4 ). No hawksbills were found in Fernando de Noronha bearing tags applied elsewhere. The time interval be tween the first and last capture ranged between 2 d and 14 yr (mean ± SD 3.9 ± 3.0 yr, median 3.2 yr, n = 268). The individual that had the time interval between the first and last capture of 14 yr was captured 28 times between 2002 and 2016, always at Sueste. The maximum number of captures for an individual was 105 (Fig. 2) , for a turtle captured at Sueste between 1992 and 1999 (time interval between the first and last captures was 7.6 yr). Individuals recaptured at least once outside the location of first capture accounted for 10.1% of all individuals recaptured (n = 268). 
Growth rates
Recapture intervals considered for the growth analysis varied between 5 mo and 4.6 yr, with a median of 0.9 yr. We recorded 793 growth increments from 227 individual turtles (268 turtles were recaptured at least once, but intervals shorter than 5 mo were not considered here). Overall, the mean growth rate for juvenile hawksbill turtles in Fernando de Noronha was 3.4 ± 2.2 cm yr -1 (range 0 to 14.5 cm yr -1 ; n = 793). The growth rate function was monotonic, with the highest growth rates for the 30− 40 cm CCL size class (Fig. 5, Table 1 ). The GAMM of growth rates indicated that size, site and mean sampling year significantly affected somatic growth, while the recapture interval had no significant effect on growth (Fig. 5) . The growth rate de creased with increasing size, and growth rates were not significantly different be tween Mar de Dentro and Sueste, but the growth rates at both of those sites were significantly higher than Mar de Fora. The model ex plained 17.8% of the variance, suggesting that there is significant variability in the growth data that is not attributable to the modelled covariates. The GAMM results for each site are shown in Fig. S1 . Considering the CCL classes, smaller turtles (~30 cm) had higher growth rates than larger turtles (~70 cm, Table 1 ).
Estimated time to maturity
From the numerical integration of the size-specific growth rate function, we obtained estimates of the expected time in years necessary for a typical hawksbill turtle in Fernando de Noron ha to grow from ca. 30 cm to 74 cm CCL, the minimum size found among nesting females in Brazil (Projeto TAMAR unpubl. data), which was ca. 13 yr (95% CI: 12−14 yr, Fig. 6 ). We also estimated the expected time in years necessary for a hawksbill turtle to grow from ca. 30 cm to 80.5 cm, i.e. the size of the largest hawksbill recorded among all individuals recaptured in Fernando de No ron ha, not considering transients or turtles that were never recaptured, to be ca. 16 yr (95% CI: 14−20 yr). 
DISCUSSION
This long-term monitoring study provided invaluable information on demographic parameters of immature hawksbill turtles at an important developmental habitat for the species in the southwest At lan tic Ocean. We detected site fidelity within the archi pelago, and our estimates of growth rates enabled us to determine the potential range of time needed to reach maturity.
Recruitment and time interval between first and last captures
Hawksbill turtle recruits (turtles with the smallest sizes) in Fernando de Noronha moved to neritic habitats at similar sizes (25−35 cm CCL) as those reported for other Atlantic hawksbill aggregations in Brazil (20−30 cm CCL; Proietti et al. 2012) , Ascension Island (minimum 33 cm CCL; Weber et al. 2017) and in the Caribbean (20−35 cm carapace length; Bjorndal & Bolten 2010) . The 30−50 cm CCL size class was also the most frequent size class among other hawksbill turtle juvenile aggregations in Brazil (Proietti et al. 2012) . The median time between first and last captures of 3.2 yr indicates that Fernando de Noronha is a long-term developmental habitat for hawksbill turtles, and the consistent mean size of captured turtles across years suggests that this population experiences constant rates of immigration by smaller individuals (recruits) and emigration by larger turtles (adults or large subadults).
Growth rates
Some turtles exhibited site fidelity within the archipelago, with some significant differences in the size and growth rates of turtles among sites. Causes for spatial variability in growth rates could include factors such as size and sex (Boulon & Frazer 1990 , Cha loupka & Limpus 1997 , environmental factors such as food quality and abundance, resource competition and predator pressure (León & Bjorndal 2002) , or abiotic factors such as water temperature, salinity, pH and turbidity, which could alter behavioural time budgets or metabolic rates and consequently influence growth rates (Diez & van Dam 2002) . The higher growth rates observed at Sueste for both green (Colman et al. 2015) and hawksbill turtles (present study) could possibly be explained by the ecological characteristics of this bay. Its sheltered, shallow and warm waters could create a more suitable habitat for turtles. The east-facing waters of Mar de Fora have higher turbulence than Mar de Dentro (Matheus et al. 2019) and are more exposed to currents, which could mean consuming more energy to access resources. The existence of distinct benthic reef assemblages within . 1 ). Juvenile: 30−59 cm; subadult: 60−70 cm CCL Fig. 6 . Expected size-specific growth rate function (grey dashed line) within 95% confidence intervals (solid grey lines) for hawksbill sea turtles at Fernando de Noronha, Brazil, and derived expected size-at-age function (black solid line) within 95% confidence intervals (black dashed lines), where age is in years at large since recruitment, as the age of recruits is unknown. CCL: curved carapace length the Fernando de Noronha Archipelago (Matheus et al. 2019 ) could influence the different growth rates observed, since immature hawksbills are believed to have diets dominated by sponges and other benthic invertebrates (Krueger et al. 2011 , Bjorn dal et al. 2016 . Further studies investigating hawksbill turtle feeding ecology and resource availability would be valuable to better understand the spatial variability of growth rates within the archipelago. It is also noteworthy that it appears that growth rate was differently af fected in turtles at Mar de Dentro (positive) than at the other 2 locations (negative; Fig. S1 ). Additionally, the average size of turtles at Mar de Dentro is less than at the other 2 locations. We hypothesise that Mar de Dentro could be an early recruitment area, where turtles are still recovering from the ocea nic phase before they start growing . It is also possible that the small sample size for the larger size classes at Mar de Dentro (Table S2 ) could have influenced our results, with a few fast-growing large individuals driving the results seen in Fig. S1 . Tag recoveries from long-range movements recorded for 4 immature turtles from this population estimated similar mean growth rates (Santos et al. 2019 ). Somatic growth rates for hawksbill turtles in Fernando de Noronha were in the lower range of those reported in a pan-Atlantic study conducted with data from 24 sites, including our study site for the period of 1988−2013, with a general tendency towards decreasing growth rates from the north to the south Atlantic . Ecological regime shifts caused by large-scale climatic events operating in the West Atlantic Ocean were suggested to have been driving declines in growth rates of marine turtles throughout the region and across trophic levels (Bjorndal et al. 2017) . A decline in mean growth rates during the period 1997−2013 was also detected in Fernando de Noronha, although more recent data from 2014−2017, outside of the period analysed by Bjorndal et al. (2016) , suggests possibly increasing growth rates during the last 5 yr (see Fig. 5b ), providing critical new information given the reversal of the growth trajectory. Future studies considering the relationship between climate indices and growth dynamics would be valuable to better understand the long-term temporal pattern in the annual mean growth rates of the Fernando de Noronha aggregation, and the possible effects of climate change on hawksbill turtle productivity . The tendency towards slower growth rates with increasing carapace length observed here was also reported in other hawksbill turtle aggregations (Blumenthal et al. 2009b , Krueger et al. 2011 , Bell & Pike 2012 , Hawkes et al. 2014 ) and other species with neritic juvenile life stages (e.g. green turtles; Chaloupka et al. 2004 , Patrício et al. 2014 .
Estimated time needed to reach maturity
Assuming that hawksbill turtles would live around 2−4 yr before recruiting to neritic habitats, considering age and growth estimates from skeletochronology (Snover et al. 2013 ) and the recruitment size in Fernando de Noronha (25−35 cm CCL), it would take approximately 14 to 18 yr for an individual in Fernando de Noronha to reach 74 cm CCL, the minimum size of nesting hawksbill turtles in Rio Grande do Norte, Brazil (Projeto TAMAR unpubl. data) . This estimate is in accordance with the probable age at maturity suggested for Pacific hawksbill turtles, between 17 and 22 yr, assuming adult size to be reached at 78.6 cm CCL (Snover et al. 2013) . Elsewhere in the Atlantic, hawksbill turtles as small as 65.7 cm CCL were re corded nesting in Nicaragua (Witzell 1983 ; straight carapace lengths were converted to CCLs using the formula of Teas 1993). However, some individuals above the minimum adult CCL can still be immature (Meylan et al. 2011 ). The mean CCL at last sighting in Fernando de Noronha (with data from Sueste only) was 63.8 cm, although some turtles have remained within the island region until up to 80.5 cm CCL, indicating that they may emigrate at different sizes. Although causes for variance in growth rates are not completely understood, in Atlantic green turtles this variance was shown to be related to differential emigration sizes (Bjorndal et al. 2019) .
Possible origin of hawksbill turtles in Fernando de Noronha
Little is known about the possible destination areas of hawksbill turtles when they leave Fernando de Noronha. Two individuals were recaptured by fishermen in Central Western Africa (Gabon and Equatorial Guinea), located about 4600 km from Fernando de Noronha (Bellini et al. 2000 , Grossman et al. 2007 , and 3 turtles were recovered dead along the coast of Brazil, in Ceará, Rio Grande do Norte and Espírito Santo (Santos et al. 2019) . Fernando de Noron ha is located in the confluence of 2 oceanic currents: the North Brazilian Current and the South Equatorial Current, which may contribute to the high number of haplotypes found in this feeding aggrega-tion (Vilaça et al. 2013) . Juvenile hawksbill turtle populations in foraging areas in the Caribbean are mostly composed of turtles from multiple rookeries, located up to 7000 km away from the foraging areas (Bass 1999 ). In the Atlantic, nesting sites other than the Brazilian ones exist within that range in the Caribbean, at least 2500 km away (Mortimer 2008) , and in São Tomé and Príncipe in Western Africa, about 4400 km away (Monzón-Argüello et al. 2011); other relevant nesting sites might exist in the Eastern Atlantic (Monzón-Argüello et al. 2010) . A characteristic of marine turtle juvenile aggregations is the 'many-to-many' (Bolker et al. 2007 ) composition of their populations, where groups of turtles in foraging areas are made up of individuals from different nesting colonies, and each nesting colo ny can contribute individuals to several foraging groups (Blumenthal et al. 2009a ). The juvenile hawksbill turtle aggregation in Fernando de Noron ha may have a range of natal origins, depending on the combination of the population size and distance of the regional nesting colonies, and patterns of dispersal (largely determined by ocean currents) of hatchlings from the nesting areas , Blumenthal et al. 2009a , Leroux et al. 2012 . Continued in-water CMR programmes, together with complementary satellite tracking, stable isotopes and genetic studies , Allen et al. 2013 , Jensen et al. 2016 , Hart et al. 2017 ) could help to better understand population dynamics and connectivity.
Human interactions
Fishing activity in the archipelago is highly restricted, with small artisanal fishing vessels (using hook and lines) operating in designated areas. During the study period, 13 juvenile hawksbill turtles showed evidence of interaction with fisheries; 9 of these were found alive and 4 were found dead (the dead turtles with evidence of interaction with fisheries represent 10.8% of the total number of turtles found dead in the study period, n = 37). Ghost nets have been seen around Fernando de Noronha (Santos et al. 2012) and could also represent a threat to turtles there. Plastic fragments, virgin plastic pellets, nylon monofilaments and other marine debris, likely transported by ocean currents, have been found on Fernando de Noronha beaches (Ivar do Sul et al. 2009 ). The necropsy of 8 hawksbill turtles, with CCLs in the range of 27.5−75 cm, revealed that 4 of them had ingested plastics. The level of human-induced hawksbill mortality is low in Fernando de Noronha, but the emergence of new threats such as pollution and climate change (Hawkes et al. 2009 , Duncan et al. 2017 means they remain of conservation concern. The continued monitoring of juvenile hawksbill turtles in foraging areas with little anthropogenic influence such as Fernando de Noronha is valuable for obtaining baseline demographic parameters that could be compared with analogous parameters obtained at other sites where greater direct anthropogenic pressures exist.
Conclusions
This long-term mark and recapture programme has generated essential data for understanding ecology and demographic parameters (Strindberg et al. 2016) , addressing a number of priority questions (Rees et al. 2016 , Wildermann et al. 2018 for this aggregation and fitting into designed recovery plans (Marco valdi et al. 2011 , Roberts & Hamann 2016 . Another important outcome of this programme is raising awareness for marine turtle conservation. Tourism is the main economic activity in Fernando de Noronha, having grown considerably in re cent years (Tischer et al. 2017) . The environmental awareness activities developed by TAMAR in the region (da Silva et al. 2016) involve the local community and tourists. Throughout the years, hawksbill turtles in Fernando de Noronha have been seen by a range of public figures, students and tourists, and have also been featured in numerous television programmes, newspapers and magazines worldwide. These activities help to promote awareness of turtles and marine conservation.
